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PURPOSE: To highly accurately adjust a frequency, to suppress the 
generation of undesired ripples and spuriousness and to provide electric 
characteristics equivalent to the ones for which the number of driving 
electrode pairs is increased relating to a resonator using an element 
for utilizing surface acoustic waves (SAW). 

CONSTITUTION: This resonator is provided with a SAW resonator 2 provided 
with comb-line driving electrodes 2a and 2b and reflectors 2c and 2d 
disposed on both sides of the driving electrodes composed by forming an 
electrode pattern on a piezoelectric body substrate 1 and a capacitor 3 
formed on the piezoelectric body substrate and electrically connected to 
the driving electrodes. The capacitance of the capacitor is set at a 
specific value corresponding to the connection form of the capacitor to 
the SAW resonator. 
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CLAIMS 
[Claim(s) ] 

[Claim 1] The surface acoustic wave resonator equipped with the 
reflector (23 2c, 2d; 24) arranged in the both sides of the drive 
electrode (21 2a, 2b; 22) of the shape of Kushigata which forms an 
electrode pattern and changes on a piezo electric crystal substrate (1 
10), and this drive electrode (2 20), The surface acoustic wave 
resonator characterized by having been formed on said piezo electric 
crystal substrate, and having provided the capacitor (3; 30, 30a, 30b) 
electrically connected to said drive electrode, and setting the capacity 
of this capacitor as a specific value according to the topology to said 
surface acoustic wave resonator of this capacitor. 

[Claim 2] Said capacitor (3; 30, 30a, 30b) is a surface acoustic wave 



resonator according to claim 1 characterized by forming an electrode 
pattern in the shape of Kushigata, and changing on said piezo electric 
crystal substrate like said drive electrode. 

[Claim 3] The resonance frequency (omegar2) or antiresonant frequency 
(omegaa3) of said surface acoustic wave resonator is a surface acoustic 
wave resonator according to claim 2 characterized by what is determined 
by the number of the fingers (Fc) in the electrode pattern of the shape 
of Kushigata which constitutes said capacitor. 

[Claim 4] Said capacitor (3; 30, 30a, 30b) is a surface acoustic wave 
resonator according to claim 2 characterized by being formed through the 
insulating film (4; 40, 40a, 40b) on said piezo electric crystal 
substrate. 

[Claim 5] Said insulating film is a surface acoustic wave resonator 
according to claim 4 characterized by having a pitch twice [ at least ] 
the thickness of between the adjoining fingers in the electrode pattern 
of the shape of Kushigata which constitutes said capacitor. 
[Claim 6] Said capacitor (30) is a surface acoustic wave resonator given 
in any 1 term of claims 1-5 characterized by determining the resonance 
frequency of said surface acoustic wave resonator by connecting with a 
serial to said surface acoustic wave resonator (20), and setting the 
capacity of this capacitor as a specific value. 

[Claim 7] Said capacitor (30) is a surface acoustic wave resonator given 
in any 1 term of claims 1-5 characterized by determining the 
antiresonant frequency of said surface acoustic wave resonator by 
connecting with juxtaposition to said surface acoustic wave resonator 
(20), and setting the capacity of this capacitor as a specific value. 
[Claim 8] It is a surface acoustic wave resonator given in any 1 term of 
claims 1-5 characterized by determining the resonance frequency and 
antiresonant frequency of said surface acoustic wave resonator by having 
said two capacitors, and one capacitor (30a) being connected to a serial 
to said surface acoustic wave resonator (20), and the capacitor (30b) of 
another side being connected to juxtaposition to this surface acoustic 
wave resonator, and setting the capacity of both capacitors as a 
specific value, respectively. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the resonator (a SAW 
resonator is called hereafter) using the component using a surface 
acoustic wave (SAW: Surface Acoustic Wave). In recent years, a 
miniaturization and lightweight-ization progress and a cellular phone, a 
cordless telephone, a land mobile radiotelephone, etc. are spreading 
quickly. Moreover, the thing using the SAW component as devices, such as 
a small and highly efficient filter, is used for high frequency (RF) , 
such as this telephone equipment and mobile radio equipment, or 
communication equipment, or a (intermediate frequency IF) signal- 
processing block with development of the latest ultra-fine processing 
technology. Especially the SAW resonator is widely used for the narrow 
band filter, the resonator mold filter, the radiator, etc. The electric 
wave currently used as a signal transduction medium is quickly high- 
frequency-ized with increase of the latest amount of information, 
therefore the expectation for the device using this SAW component has 
also been growing. 
[0002] 

[Description of the Prior Art] The configuration of the SAW resonator as 
a formal example is conventionally shown in drawing 6 . The SAW 
resonator by which ten were formed in the piezo electric crystal 
substrate among drawing, and 20 was formed on the piezo electric crystal 
substrate 10 is shown. The piezo electric crystal substrate 10 is formed 
with piezo-electric ceramics, such as single crystals, such as lithium 
niobate (LiNb03) and lithium tantalate (LiTa03), or titanic-acid lead 
zirconate (PZT). moreover, the SAW resonator 20 equips with and 
constitutes two Kushigata electrodes (IDT : Inter-Digital Transducer) 21 
and 22 which function as a drive electrode, and the reflectors 23 and 24 
arranged on these both sides of IDT — having — every — IDT 21 and 22 
and each reflectors 23 and 24 are formed by growing up aluminum 
(aluminum) by sputtering and carrying out patterning. Under the present 
circumstances, IDT22 by the side of IDT21 and the output (OUT) by the 



side of an input (IN) is each ctenidium-like part Fl. And pattern 
formation is carried out so that F2 (a finger is called hereafter) may 
put by turns and may be inserted. In addition, lambdalDT Each fingers Fl 
and F2 where IDT 21 and 22 adjoins Spacing (inter-electrode pitch) of a 
between is expressed and it is lambdaREF similarly. Inter-electrode 
spacing (inter-electrode pitch) which each reflectors 23 and 24 adjoin 
is expressed. 

[0003] In a SAW resonator with such structure, by reflecting the surface 
acoustic wave (SAW) generated with the drive electrode (IDT 21 and 22) 
with the reflectors 23 and 24 arranged on the both sides, a standing 
wave is produced and it functions as exciting vibration which had high Q 
by it. In this case, the frequency excited is inter-electrode pitch 
lambdalDT mentioned above. And lambdaREF It is determined depending on 
magnitude. 

[0004] in addition — a SAW resonator — every — if an electrical 
potential difference is impressed to IDT — spacing of lambdalDT / 2 — 
forward — every corresponding to the impulse of a forward reverse lot 
since an electrical potential difference is built over the reverse sense 
and expansion and contraction take place by piezoelectric — suppose 
that it is counted as a drive electrode pair that is,, using the finger 
of IDT as one pair. With the technique known conventionally, when 
frequency regulation of a SAW resonator was performed, it was coped with 
by controlling the resonance vibration itself to a mechanical, or 
connecting impedance components, such as a capacitor, to the exterior of 
the piezo electric crystal substrate 10 in which a certain kind of film 
(for example, Si02 film) is formed on the SAW resonator 20, and the SAW 
resonator 20 is formed, and adjusting the impedance value to it. 
[0005] Moreover, in the resonator mold bandpass (band pass) filter which 
connects and grows two or more SAW resonators into juxtaposition in 
series with a ladder-like gestalt, in order to raise the frequency 
passage property, it is required to make high the signal magnitude of 
attenuation out of band. For this reason, with the technique known 
conventionally, it was coped with by increasing the number of drive 
electrode pairs of the SAW resonator connected to juxtaposition. 
[0006] 

[Problem(s) to be Solved by the Invention] it mentioned above — as — 
Si02 although it was required by the approach of forming the film etc. 
on a SAW resonator and controlling the resonance vibration itself to a 
mechanical to control the thickness of the film formed delicately, as 
for such delicate thickness control, the frequency regulation of a SAW 
resonator became fluid from the field of a process next to impossible 



therefore in practice, and in question [ that where of frequency 
regulation of a SAW resonator could not be performed with a sufficient 
precision ] **ed — **. 

[0007] Moreover, by the approach using impedance components, such as an 
external capacitor formed separately from a SAW resonator, there was a 
problem that highly precise frequency regulation of a SAW resonator 
could not be performed easily, depending on the capacity deflection or 
impedance deflection. On the other hand, when the number of drive 
electrode pairs of the SAW resonator of parallel connection was 
increased in the resonator mold band pass filter using a SAW resonator, 
in that a frequency passage property is raised, there was un-arranging 
[ that an unnecessary ripple and unnecessary spurious one occurred on a 
certain advantageous but on the other hand passband internal and 
external frequency ]. Since this is not desirable on a property, it has 
the room of an improvement. 

[0008] This invention aims at offering the surface acoustic wave (SAW) 
resonator which can acquire electrical characteristics equivalent to 
having controlled an unnecessary ripple and unnecessary spurious 
generating and having increased the number of drive electrode pairs 
while it was created in view of the technical problem in this 
conventional technique and can perform frequency regulation with high 
precision. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned 
technical problem, the surface acoustic wave (SAW) resonator concerning 
this invention The SAW resonator 2 equipped with the reflectors 2c and 
2d arranged in the both sides of drive electrode 2a of the shape of 
Kushigata which forms an electrode pattern and changes on the piezo 
electric crystal substrate 1, 2b, and this drive electrode as shown in 
the principle block diagram of drawing 1 , It is formed on said piezo 
electric crystal substrate, and the capacitor 3 electrically connected 
to said drive electrode is provided, and it is characterized by setting 
the capacity of this capacitor as a specific value according to the 
topology to said SAW resonator of this capacitor. 

[0010] Moreover, in the suitable embodiment of this invention, like said 
drive electrode 2a and 2b, said capacitor 3 forms an electrode pattern 
in the shape of Kushigata, and changes on said piezo electric crystal 
substrate 1. Furthermore, in the suitable embodiment of this invention, 
said capacitor 3 is formed through the insulating film 4 on said piezo 
electric crystal substrate 1. 
[0011] 



[Function] It explains referring to the equal circuit shown in drawing 2 
hereafter. Among drawing, the equal circuit of a common SAW resonator, 
(b), and (c) show the equal circuit of the SAW resonator concerning this 
invention, and (a) shows the configuration at the time of connecting the 
configuration at the time of connecting a capacitor 3 to the SAW 
resonator 2 at a serial, respectively, and a capacitor 3 to 
juxtaposition at the SAW resonator 2. 

[0012] Moreover, it sets to (a) - (c), and L is the serial inductance of 
a SAW resonator and C is the series capacitance, CI, CI' , and CI' ' of a 
SAW resonator. The electrostatic capacity of a SAW resonator is 
expressed and this electrostatic capacity is proportional to the number 
of drive electrode pairs which constitutes each SAW resonator. Moreover, 
C2 And C3 The capacity of the capacitor 3 set up in the specific 
topology, respectively is expressed. 

[0013] resonance frequency [ in / here / the configuration of (a) ] — 
omegarl and antiresonant frequency — omegaal ** — resonance frequency 
[ in / for omegar2 and antiresonant frequency / in resonance frequency / 
in / similarly / it carries out and / the configuration of (b) / the 
configuration of omegaa2 and (c) ] — omegar3 and antiresonant frequency 
— omegaa3 — when it carries out, it is expressed by following 
formula (1) - (6), respectively. 



omegaa3 = [(1/L) - {1 / C+l/ (Cl" +C3) } ] One half — (6) 
therefore — the case where a capacitor 3 is connected to the SAW 
resonator 2 at a serial as shown in a formula (3) — capacity C2 of (the 
drawing 2 (b) reference) and a capacitor 3 responding — resonance 
frequency omegar2 It can be made to change. 

[0014] moreover — the case where a capacitor 3 is connected to 
juxtaposition to the SAW resonator 2 as shown in a formula (6) — 
capacity C3 of (the drawing 2 (c) reference) and a capacitor 3 
responding — antiresonant frequency omegaa3 It can be made to change. 
On the other hand, it sets at a ceremony (6) and is Cl' ' +C3 =C1. It is 
the capacity C3 of a capacitor 3 so that relation may be realized. If it 
determines, the configuration of drawing 2 (c) will become equivalent to 
the configuration of drawing 2 (a), therefore it is omegar3 =omegarl and 
omegaa3 =omegaal. Relation is realized. It is electrostatic-capacity 
Cl' ' of the SAW resonator [ without changing this, i. e. , the resonance 



omegarl =1/(LC) 1/2 

omegaal = {(1/L) - (1 / C+l / Cl)} One half 

omegar2 = [(1/L) - {1 / C+l/ (Cl' +C2) } ] One half .... (3) 

omegaa2 = {(1/L) - (1/C+l/Cl')} One half 

omegar3 =1/(LC) 1/2 



(4) 



(1) 



(2) 



(5) 



characteristic, ] in drawing 2 (c). Electrostatic capacity CI of the SAW 
resonator in drawing 2 (a) It is shown that it compares and can do small. 
[0015] Therefore, as shown in drawing 2 (c), when a capacitor 3 is 
connected to juxtaposition to the SAW resonator 2, it is the capacity C3 
of a capacitor 3. By setting it as a specific value, the number of drive 
electrode pairs which constitutes the SAW resonator 2 can be reduced, 
without affecting the resonance characteristic. Thus, according to the 
SAW resonator concerning this invention, a capacitor 3 is formed on the 
same substrate 1 with the SAW resonator 2. Since he is trying to set the 
capacity of this capacitor as a specific value according to the topology 
to the SAW resonator 2 of a capacitor 3 It becomes possible to perform 
frequency regulation (adjustment of resonance frequency or antiresonant 
frequency) of a SAW resonator with a sufficient precision. Moreover, the 
same electrical characteristics as having made the number of drive 
electrode pairs increase equivalent can be acquired without increasing 
the number of drive electrode pairs, and an unnecessary ripple and 
unnecessary spurious generating can be controlled to coincidence. 
[0016] Moreover, as shown in drawing 1 , compared with the case of the 
usual parallel monotonous mold, the size can be made small to the same 
capacity by forming an electrode pattern in the shape of Kushigata, and 
constituting a capacitor 3 on the piezo electric crystal substrate 1, 
like drive electrode 2a and 2b. This responds to the needs to a 
miniaturization and lightweight-izing. Furthermore, as shown in drawing 
1 , it can prevent that a surface acoustic wave (SAW) is excited by the 
piezo electric crystal substrate 1 by the electric field impressed to a 
capacitor 3 by forming a capacitor 3 through the insulating film 4 on 
the piezo electric crystal substrate 1. By this, a capacitor 3 functions 
only as a capacity component purely. 

[0017] In addition, the description on the configuration of everything 
but this invention and the detail of an operation are explained using 
the example described below, referring to an accompanying drawing. 
[0018] 

[Example] The configuration of the surface acoustic wave (SAW) resonator 
by one example of this invention is typically shown in drawing 3 . In 
addition, the same reference marks 10, 20, 21, 22, 23, and 24 as what 
was shown in drawing 6 among the reference marks used for this drawing 
show the respectively equivalent component, and omit about the 
explanation. 

[0019] The description of this example formed the capacitor 30 on the 
same piezo electric crystal substrate 10 with the **SAW resonator 20, ** 
Like the drive electrodes 21 and 22, the Kushigata-like electrode 



pattern was formed and the capacitor 30 was constituted, ** It is having 
formed the capacitor 30 through the insulating film (for example, Si02 
film) 40 on the piezo electric crystal substrate 10, and having 
connected the ** capacitor 30 to the serial to the drive electrode 
(input side IDT21) of the SAW resonator 20. 

[0020] In addition, a capacitor 30 is equipped with two Kushigata 
electrodes 31 and 32, and is constituted, and each electrodes 31 and 32 
are formed by growing up aluminum (aluminum) by sputtering and carrying 
out patterning. Under the present circumstances, pattern formation of 
each electrodes 31 and 32 is carried out so that it may put by turns, 
each ctenidium-like part Fc, i. e. , finger, and may face across it. 
[0021] The SAW resonator concerning this example corresponds to the 
equal circuit configuration shown in above-mentioned drawing 2 (b), and 
the capacitor [ in / therefore / this example ] 30 functions as an 
object for the frequency regulation of the resonance frequency of a SAW 
resonator. That is, the resonance frequency of a SAW resonator can be 
determined with high precision by setting the capacity of a capacitor 30 
as a specific value. 

[0022] A setup of the capacity of a capacitor 30 may be realized by 
setting up the capacity of a capacitor 30 more greatly beforehand and 
reducing the number of the fingers Fc if needed in a next phase. The 
approach which has melted chemically enough the approach of cutting 
Finger Fc or its part, Finger Fc, or its part, and specifically carries 
out it by laser can be considered. 

[0023] Moreover, since the capacitor 30 is formed in the shape of 
Kushigata, to the same capacity, compared with the case of the usual 
parallel monotonous mold, the size can be made small, and it can respond 
to the needs to a miniaturization and lightweight-izing by this. 
Furthermore, since the insulating film 40 intervenes between the 
capacitor 30 and the piezo electric crystal substrate 10, when electric 
field are impressed to a capacitor 30, it can prevent that a surface 
acoustic wave (SAW) is excited by the piezo electric crystal substrate 
10 by the electric field. By this, a capacitor 30 can function only as a 
pure capacity component to the SAW resonator 20. 

[0024] For this reason, in this example, the insulating film 40 is 
selected so that it may have spacing (inter-electrode pitch) twice [ at 
least ] the thickness of between the fingers Fc where a capacitor 30 
adjoins. The configuration of the surface acoustic wave (SAW) resonator 
by other examples of this invention is typically shown in drawing 4 . 
[0025] The description of this example is having connected the capacitor 
30 to juxtaposition to the drive electrode (input side IDT21) of the SAW 



resonator 20. Since it is the same as the configuration of the example 
(refer to drawing 3 ) mentioned above about other configurations, the 
explanation is omitted. While the SAW resonator concerning this example 
corresponds to the equal circuit configuration shown in above-mentioned 
drawing 2 (c) and the capacitor [ in / therefore / this example ] 30 
functions as an object for the frequency regulation of the antiresonant 
frequency of a SAW resonator, it contributes to decreasing the logarithm 
of the drive electrodes 21 and 22 of the SAW resonator 20. 
[0026] That is, by setting the capacity of a capacitor 30 as a specific 
value, while being able to determine the antiresonant frequency of a SAW 
resonator with high precision, the number of drive electrode pairs of 
the SAW resonator 20 can be reduced, without affecting the resonance 
characteristic. In other words, the same electrical characteristics as 
having made the number of drive electrode pairs increase equivalent can 
be acquired, without increasing the number of drive electrode pairs. For 
example, when it applies to a resonator mold band pass filter, the 
frequency passage property can be raised. Moreover, it becomes possible 
to control an unnecessary ripple and unnecessary spurious generating to 
coincidence. 

[0027] In addition, since it is the same as the case of the example 
(refer to drawing 3 ) mentioned above about selection of the 
characteristic effectiveness by mediation of the method of a setup of 
the capacity of a capacitor 30, and the insulating film 40, and its 
thickness, the explanation is omitted. The configuration of the surface 
acoustic wave (SAW) resonator by the example of further others of this 
invention is typically shown in drawing 5 . 

[0028] The description of this example formed two capacitors 30a and 30b 
on the same piezo electric crystal substrate 10 with the **SAW resonator 
20, ** Like the drive electrodes 21 and 22, the Kushigata-like electrode 
pattern was formed and each capacitors 30a and 30b were constituted, 
Each capacitors 30a and 30b were formed through the insulating film (for 
example, Si02 film) 40a and 40b, respectively on the piezo electric 
crystal substrate 10, And it is having connected one capacitor 30a to 
the serial to the drive electrode (input side IDT21) of the SAW 
resonator 20, and having connected capacitor 30b of another side to 
juxtaposition to the drive electrode (input side IDT21) of the SAW 
resonator 20. 

[0029] The SAW resonator concerning this example supports what combined 
the configuration of the example of drawing 3 and the configuration of 
the example of drawing 4 which were mentioned above. Therefore, since it 
is equivalent to the operation effectiveness of each capacitor 30 



explained in relation to drawing 3 and drawing 4 about the operation 
effectiveness of each capacitors 30a and 30b in this example, it omits 
about the explanation. As mentioned above, although this invention was 
explained about three examples, the operation gestalt of this invention 
is not limited to these examples. For example, probably, it will be 
clear to this contractor for other operation gestalten and deformation 
gestalten of this invention to be easily possible by changing suitably 
the topology to the configuration (the configuration of a Kushigata-like 
electrode pattern, the number of fingers) of the capacitor formed on the 
same piezo electric crystal substrate with a SAW resonator, the number 
of capacitors, or the formed SAW resonator of a capacitor etc. 
[0030] 

[Effect of the Invention] The same electrical characteristics as having 
made the number of drive electrode pairs of a SAW resonator increase can 
be acquired without becoming possible to adjust the resonance frequency 
or antiresonant frequency of a SAW resonator with high precision by 
forming a capacitor on the same substrate with a SAW resonator, and 
setting the capacity of a capacitor as a specific value according to the 
topology to a SAW resonator according to this invention, as explained 
above, and causing an unnecessary ripple and unnecessary spurious 
generating. This greatly contributes to the improvement in the engine 
performance of the SAW resonator to apply and a SAW resonator 
application device. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the principle block diagram of the surface acoustic 
wave (SAW) resonator concerning this invention. 



[Drawing 2] It is drawing for explaining an operation of the SAW 
resonator of drawing 1 . 

[Drawing 3] It is drawing having shown typically the configuration of 
the SAW resonator by one example of this invention. 

[Drawing 4] It is drawing having shown typically the configuration of 

the SAW resonator by other examples of this invention. 

[Drawing 5] It is drawing having shown typically the configuration of 

the SAW resonator by the example of further others of this invention. 

[Drawing 6] It is the perspective view showing the configuration of the 

SAW resonator as a formal example conventionally. 

[Description of Notations] 

1 10 — Piezo electric crystal substrate 

2 20 — Surface acoustic wave (SAW) resonator 
21 2a, 2b, 22 — Kushigata electrode (IDT) 
2c, 2d, 23, 24 — Reflector 

3, 30, 30a, 30b — (the shape of Kushigata) Capacitor 

4, 40, 40a, 40b — Insulating film 

Fl, F2, Fc — Finger (ctenidium-like part) 
The serial inductance of a L — SAW resonator 
The series capacitance of a C — SAW resonator 

CI, CI' , and CI' ' — Electrostatic capacity of a SAW resonator 
C2 and C3 — Capacity of a Kushigata-like capacitor 
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6 5 ©v5-rn^-^fcta«©#ttatBi^*fig§. 
m^ms] wsb=¥y/v>^$2p«a, -3r©*^ 4» 

ooa) \mmw&mmwi#m? (20) c» 

UTit?iJ{cJS^$n, »o^t/V/^ (3 0 b) «s 

tt*B»#igg§©*tg^&feijsftig^&ics*fe-r^ 
©#tt*ffi«#t«8g. 

[§gg/3©PiM&I&f]] 

[0 0 0 1] 

mmimmmttmi *wmz. wnmm®. (saw: so 
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2 

Surface Acoustic Wave ) £3HJffl-r&*^&fli^fcH;g 
2§ (jy,T> SAW^fg^i^f^.) irMT^c * 

Bfcs^KSfs^gg^©*^ (rf) x\z*mm®: 

(IF) «^Mffl^a-yi?(c(i, /h^TJ.^iStt^7 
Jl/^ #£© 7 s AM" 7s £ L T S A Wm^&m ©^ffi 

(Dmizizm^mmiz^mmt-^nx^xn'o, -e©fc 

^SSAWiilTS^fc^A^X^©^ 1 ^* 
[0 0 0 2] 

[«£*©&»] m 6 tC^*^©-M£ L-T© S AWft 
S3§©«i£^S2tt£, 10 2 0 

te£E^#:Xt£l 0<D_t\ZMl&ZtlfzS AWftgfS^ 
"To ffi*#a«l 0«, MA^-^^KU^^A (L i 
NbOsJt^^iUf^A (LiTa0 3 )§O#ig 

?5>>mp)i<a>m®i (pzt) ^©ff-g 

t7Ay^TMSnxW. *fc> SAW*|g^2 0 

mmmmtLxmmr^2'z>ommmm (idt: 

Inter-Digital Transducer) 2 1$.£K2 2£:> SlDT 
©MflJtClBLfcM#§§2 3Sr>*2 4£Sflt^T*^$ 
n>#IDT21, 22Rtf&£»S2 3, 24lt M 
^.tfT;i/5z:>i7A (Al) ^x/-?-y^u>^tc<i;f3^fi 

A* (IN) «©I DT2 l^Uitl (OUT) #J©I 
D T 2 211 ^n^n©##ttSB#F , S;tXF 2 (fi( 

^->^^tl^o A ] d t HSIDT2 1, 2 2 

<Dmm-rz>yj >%Fi, f 2 K©papg (mswtfy^) 

|SI«tCAREF «#Rifg§2 3, 2 4©P«-r?. 
STO©^SB (SW^tfy^) S*L,TV^„ 

[0003] z<D&z> tzmmzm-i s Aw*fg§gT«, 

If^S (IDT21, 22) Tl££LfcSM£«ffife 
(SAW) S-^©i^i'JtcSBUfcKWgg2 3, 2 4X%.m 

[0 0 0 4] SAWSISTH. * I DTtcmE 

^EPin^n* t a i di / 2 ©«iBTiE)£©p^icmfct^ 

VX (o$t)»tWiLT) ^^tttS. «e 
*ftf»tlT^5feim SAW*Si0M«i^i& 
ft5m&, *«a©M (^J^-CiS iOz SI) SSAWS 
ST 2 0©_hfc^LT-^©^tgig»S#:S:^*-*^ 
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3 4 

o©^ffifc+^/i->^^<o-f>tf-y », **WKfil53!tttSH» (SAW) *K3§«, 01 

£fc«fc!5, *N&l/TWi. «;^->SMLT^5iM©IftS2 a, 2 b 

[0 0 0 5] Sfc, atftOSAWftfiSftW^tteDJglB Rtfl»K»««OWI!lfcE»4nfcE»»2c, 2 d & 

K, M^jfc«^nfcSAW#gS©iM*Sffi*f©»£ jo ttsftftn. 

M^-fZtlzkr), ftmVX^tc. [0 0 10] *&, ^SBWO^jifc^iM&Klcfc^-t 

[0 0 0 6] MiB^WtS'* 3 «, MsaSKft«ffi2 a, 2bt^ 

^x<Dm^z<D£?tmmmmfflWtt^Bim\ZT& toon] 

<, toftrnz, s AW2m2g<DmiSL&.mmt)mwiW}fc utm pat, 0 2 iz^tmmmn^mmL^^mm 

feffltSD. SAW*g»CDH»*a!»SJ»JEA<ff5 t5. 0<K (a) tt-*»fc S AW^Sgg©*ffi|@I 
Ct«JT?«at»i:V»oft:W«Jil«*oft:. 20 ft, (b) Rtf (c) S AW*jg»0>^ 

[0007] sAw*s»i9HBt»tt«:^fttt «nr»*jR-r *>©-??. fnfn^t/v>^3ssAw# 

K. -€-0**fi3S*V»H-f >t!-^>XfiSfc«#U 3*SAW*ffi^2tMyjfc««Ufc*-&©«|jsS*5«L. 

T, SAW^««©«f||«Si:»«»cW»*1W^fcfTA)Ct TV>*. 

VstVs-3&imBB38SS&o&. — #, SAW#£S&JBV>»: [0 0 12] (a) ~ (c) (C*><^T. L1JSA 

^ffilg^A^H/^X^^^C^ViTM^ia^OSAW YflkWf-<DWM't>?99>X, CBSAW*lfffli 
A^ora*ra®lt£*K>L<&B£. «8Eft9]14» Ci , Ci'RtfCi" BSAWMfOMg 

M®«*^©^s^ftitT^7iu^^';i/ j ? : '7.^'jT **-r**»*«*fo»cKJtwr*. C 2 StfC 

[0 0 0 8] #»IJ|«, ^*«3feS*Bfc*tt*IIIBt [0 0 13] (a) 0«fiefc*»J-a*S«ftft 

I**^Sntt>OT, «8aftW*fta»ftfcfTJfc*i Sun , £#Mftft&a>ai tU R«tC (b) © 

t3jJT*s»ft^®jft (saw) asssawtt-snt ^sic^coaa ttst, -en-en^T©* (1) ~ 
sawt-rs. (6) sc±-3Ta$n-5o 

[0 0 0 9] * 

co r, = 1/ (LC) 1/2 (1) 

aai = { (1/L) • (1/C+l/Ci ) } 1/2 (2) 

o>r 2 = C (1/L) • {1/C+l/ (Ci'+Cs ) } ] 1/2 (3) 

wa 2 = { (1/L) • (1/C+l/Ci') } 1/3 (4) 

w r 3 = 1/ (LC) 1/2 (5) 

was = C (1/L) • {1/C+l/ (Ci" +C 3 ) } ] 1/2 - (6) 
tot, 5£ (3) ^6»«>5«fc5fc, +tn^3SS (S (02 (c) #JS) , *tA^3©§IC 3 KJSU 
AW*|g^2fcit?!lt»iHiLfc*-&fcK (0 2 (b) # TR^SIJifeifeco a , SSeflsSiirS E £#T?#S. - 
M) > *lr/t5'*3©§*C a (OSDT*SM«gCa> r s£ (6) \Z$>^T, C." + Cs =C. ONffi^ 

2 £^<fb£i3-5 D it "3 J: 5 S^-Wti^ 3 ©§SC 3 0 

[0 0 14] 5$ (6) ^S.^-5.<fc5tC, 2 (c) ©i)SiJI2 (a) ©«Jjfe£*fllii&D, fe-o 

^^3*SAW*ST2fc*fLT^JtcSi^bfc«-a-fc 50 T, to r s =wr, , J.^, coa 3 =coa, ©P^j&*j£ 
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(4) 

5 

Dir^>. uttKBUfc, *S»tt*jtil*c:ta<, 0 2 

(c) K^tSSAW^S^OlMt^SCi" £0 2 
(a) tC*3tt-5SAW*S^CO#*§ac, tCit^T/jN 

[0 0 15] |£-oT. 02 (c) \Z7K-f&0 t+VA°-> 
* 3SSAW*jRf2C»l,TMJI[C«ail/a:i^l: 

14, *-va*->*3©§Sc s s#^«fc^-r«J:tfc 
3'3osAw*s^2t»-rsas«j»*fc«i;T»*v 

S AWA«3g©ffl&£(M& (#gfl«*XttK#SHift 

©&£*§^-r c t & < ^Fffiw tcJE»*«*f ©» 

[0 0 16] S&, 01 (C^T^l::, +^/t->^3 3? 
ft, Kft^ffi 2a, 2bt 1 CO _h fc« 

-Xfcjft*.£fc©T2>5. 0 
ICitiii;, **/^>* 3 1±IC«6» 
tt©K4ft^L-T»drr*Ci:ICJ:D. +^-^3l: 

m»i*na«*fc«koTE«frat«it*tt*iiSiift (s 
aw) ^ajgsnscos^ih-r-s^i^T^s. *mc 

[0 0 17] ft*, #»«8©ffi©*Jfci:©W*fttWMJ 
[0 0 18] 

(SAW) *«»0«jEj&5tg|SSti^^sn*. ft*, R 
LMV&M&mo, 2 0, 2 1, 2 2, 2 3^^2 4 

[0 0 19] *£feKffl|©ttfttt. ®SAW«f 2 0 t 
*tc*lr/t^3 0&ra-Offi«*a&tEl OitCfiL 
fc't, ©+^^3 0S, Kt6«S2 1, 22tH 

+ ^/t->^ 3 0 SESfrSK 1 0±Sdg«fe©BI («*. 
tfS i0 2 K) 4 0mtMlfc-t- *l/T, © 
^Ai^ 3 0 £SAW#JgT2 QCDMffi'mU (AJ]W 
IDT2 1) izMl<XW.mzfflftV1tZ\ 
[0 0 2 0] ft*, +W^30(t 2-z><7>mmWM 50 
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3 1 RZS 3 2 SffATflSj&Stl, &«S3 1 , 3 2H 
TJP3--?A (Al) &Xrt?j"J>jfCJ:t>jAft31i' 

=>irr«ttfc±D»j«an*. cob, 

131, 3 214, *n*n©#*R«»fftto'fe7^> 
[0 0 2 1] *Sfe!i#iJtC«-l>SAW*fii§l4. ^©0 

2 (b) \z^vfrms®&mf&\zMfe-rz>*><D~t!&r). 

fot, **«SffilK*tt**^A^3 Ott, SAW* 
0, ^r^Av^ 3 0©^fiS#^CD«!C^T§Ci 

[0 0 2 2] ttA-^3 0©#M©t8St4, 0»*.Hft=- 
tAvi' 3 0(7)$*S:^JS6i:^is6tC8SSbT*^, ^© 

wmx&mzfevxzco? >#f c ©«*«6-r 2i t 
\z*<D-Mft%fc¥mzm^vrzQ-?z>jsmmtf%%.t> 

[0 0 2 3] =^A 0 >-^3 0 $«fc«LT 

V^©T, HU^StCftLT, »flr©¥fT¥«3!©#& 

0 T'hMfcRZSmm j (t\ZttTZ>=--XlZfc?LZ 1 Z. t&X 
i*£„ 2*>\Z, ffiiM4 0^ t ^^3 0tEt 

(c-e^^EpsnanfcBttc, "tonmz^-oTmi&fomu 

1 ofcJM£affijft (saw) #«!2n-5©£l»if:-r5 
ctms. cnicko-c, ^t/^3oa, sa 

[0 0 2 4] r©fc*fc**JiCTTf4, «fiflH£©IR4 0 

(saw) *s»©««*t*s;WK3S*n 

[0 0 2 5] *m&M®<®Wt\t. +tny?3 OSS A 
W*If2 0»ItiI (AflM I D T 2 1) fc*fLT 

(0 3#JfiO ©*^ilW!D-r*5©T, -?■© 

©02 (c) \zmLtz.mmm&mmzttfe-?z>h<DT-$> 
d, t^r, *nmmztev}z>3rvrtz/*3oiit, sa 

W*SS©JKft«Hfeg:©^««clBSffl £ 
t*fc. SAWftlf2 0©SKI«1I2 1, 2 2 ©MIS 
£M4>3it-£©lt3F-rf-£. 
[0 0 2 6] ^t/V>^3 0O§i^#SOt 

Ctft^CfcT?. SAW*S»©R*Sfl«ft*K«f 
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(5) 

7 

trtAtTt^ KimHf©lt«*-*> 
v fjv^x? »j t x s z: h amm t ft 

[0 0 2 7] &i5, 3^/^^ 3 0 0|fi©S€©tt 
^, »ftttolR4 0 ©^fiEtci-S^©^, StPeco w 

mm<Dmi£iz~D^r\%, mmvtcmmm m 3 » © 

#?PJl©££(cte©*!®«Ccfc£#ttfSH& (saw) 

[0 0 2 8] #SIJ60i|©!|#l8«, ®SAW«f 2 0 £ 
*tc2eo^rV/^v-^3 0 a&tf 3 Ob^^Cffitft 
**1 0±fC^Lfc^t, @^t/V>? 3 0 a, 3 

o b zmmnm 21,22 1 mmizwmviomm/*?- 
0 b 1 0 ±tc^n-€n*e»tt©M 20 

S i O2 m 4 0 a, 4 Ob^LTML&^t. * 

mmmu (amidt2d tMLTit^jtcs^u, 

■§.^ i]5FOt t/V>^ 3 0 b 5 S AW^gf 2 0 OK 

mmm (a**jidt2 n iz^Lxmmizmmvrcz. 
[0029] *mMmiz&z>sAw$iMm^ mmvrc 

WV>^3 0 a, 3 0 b©f^ffl^*tC^V>Ttt, 12 3 & 50 
tfH4 CH*LTRWbft^ir/V>? 3 0 ©f£fflS6JH 
i^#T2&£©T, ^©sKWfc-P^T^WfrSo SK 

©£«#mj::in&©^w;:isj£3n&v». 

Y/v>^©jfM* (*B#R©«f/i*->©jBtt, 7^r> 
#©&) t^/is^©*, aswau »fssn&*v^ 
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c <t tc «fc o . *%w<DmammMWiRzfMMMm&®B 

[0 0 3 0] 

[5BK©3»*] K±SW9l/&«t5K*«Wt:J:ntf, S 
AW^STK^TSStt^KK^UT+^/XS/^©** 

<Ct&<S AW*fi»©Kft«i»©*S»JO*#fti 

©£HC*^Wtttts#* unu, «s 

S AW^IgggRtfS AW#jfgggJSffl7 ; A'-1'X©tt«B|Bj_h 

[Hm©«¥&K9i] 

[01] *«W (SAW) *iggg©® 
[0 2] Hl©SAW*Jg»©^*»Wr*/S:J&©|g 
[0 3] *»M©-*it#!IKJ:SSAW*ig«©i|(|*& 

[0 4 ] *8W»tto»K«l:±5S aw*S«©«* 

[0 5] *5SM©S6fcte©*lfi*!It«t*SAW*ig« 
©*J*«*5S«fc*L;fcHT?*S. 

[0 6] «e*«©-PJibT©SAW*g^©«^S* 
-f«!0T;&-2><, 

[«w©i«K] 

1, 1 0 

2, 2 0-#tt» (SAW) «f 
2a, 2b, 2 1, 2 2-ffti (IDT) 
2c, 2d, 2 3, 2 4-S*f« 

3, 3 0, 3 0 a, 3 0b- («JE^©) tt/^y^ 

4, 4 0, 4 0 a, 4 0 b-jf8iBktt©IBI 
Fi , F» , Fc-7^>^ («#«gB#) 
L - S AWftlgT ©jt^H >^ ^ >X 

C •• • S AW^I? ©mti^fi 

Ci , Ci', Ci" -SAWftJITfflMti 
C 2 , Cs -»ffim©*WV>^©^S 
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